In the course of experiments dealing with the specificity of certain heterologous tumqr transplants it was necessary to compare the reactivity of antisera to guinea-pig, rabbit, human, and mouse tissues with antigens of the homologous and of heterologous species. Preliminary attempts to carry out the titrations by means of the ring precipitin test failed to yield satisfactory results, due chiefly to the opalescence of the tumor antigens, the frequent occurrence of non-specific reactions, and the low titers of the antisera. As a result, the technic selected was the complement fixation reaction. However, since guinea-pig serum, the usual source of complement, could not be employed in the titrations with anti-guinea-pig sera, the use of the reaction was possible in either of two ways. One was to employ several complements; the majority of the tests could then be carried out according to the usual procedure. The other was to use the serum of a species unrelated to the experiment, which would have the advantage of giving uniformity to the resulting data. In either case, it became necessary to determine the suitability of various complements and to standardize a technic which would make possible the study planned.
Hemolytic activity. Differences in the hemolytic activity of various complements were noted as early as 1901 by Ehrlich and Morgenroth,5 who studied the capacity of certain sera to activate the same and different amboceptors. The amboceptors used were two anti-ox hemolysins, one prepared in the rabbit, the other in the goose. They found that whereas guinea-pig, rabbit, rat, hen, and goose complements lysed with both of the immune sera, goat complement activated only the rabbit-immune serum, and pigeon complement only the goose-immune serum. The complement of the horse, on the other hand, failed to react not only with either of the two immune sera but also with an antiserum produced in a goat. That the latter was not entirely lacking in complement activity, however, was indicated by the fact that it lysed unsensitized guinea-pig erythrocytes. 0 Similar experiments, conducted by Noguchi and Bronfenbrenner,22 showed that certain relationships tend to exist in the effectiveness of various complements with homologous and heterologous immune sera. Using an anti-human hemolytic system, these authors found that with amboceptors produced in guinea-pigs, cats, goats, and chickens, the homologous complements were most active, whereas with amboceptors developed by rats, dogs, and rabbits, the heterologous complements were more effective. Unlike Ehrlich and Morgenroth, Noguchi and Bronfenbrenner reported chicken sera to be unsatisfactory in any of the combinations with either the mammalian complements or immune sera. The antigens used by the respective authors, however, differed.
Further studies of the interchangeability of avian and mammalian complements and immune sera were carried out by Muir.18 The indicator systems employed consisted of ox cells sensitized with immune sera prepared in rabbits, goats, cats, oxen, and ducks. Muir stated that although the balance of evidence is in favor of more effective complementing of avian immune bodies by avian rather than by mammalian complements, and vice versa, the general conclusion that they differ in their entirety cannot be drawn. Thus, although pigeon complement failed to react with any of the mammalian amboceptors, that of the fowl and duck not only lysed well with all, but with several in as small a dose as with the avian immune body. Conversely, of the ten mammalian complements tested, five produced practically no lysis with the immune body of the duck. Of these, however, one (ox complement) failed to lyse with any of the mammalian sera, another (horse complement) was active with only one of them, whereas the dosage of two others (goat and sheep complements) was high even with the mammalian antisera. These findings have been extended by Kolmer, Matsunami, and Trist,10 Da Costa Cruz and Penna, 3 and Osborn.23 That the hemolytic activity of a given complement is dependent not only on the kind of amboceptor employed in the system but on the type of cells used as indicator antigen was first shown by Muir and Browning.19 The complements of the guinea-pig, rabbit, and ox were set up with the following systems: (1) guinea-pig cells sensitized with anti-guinea-pig rabbit serum; (2) rabbit cells sensitized with anti-rabbit guinea-pig serum; and (3) ox cells sensitized with anti-ox rabbit serum. It was found that in every instance the minimum hemolytic dose of complement and immune serum varied according to the kind of erythrocytes used in the test. The largest doses of complement and immune serum, however, were required in those experiments in which the complement and the erythrocytes were derived from the same species. Further study of this effect led to the discovery that failure on the part of any complement to lyse sensitized cells is attributable to either of two circumstances: (1) the complement does not combine with the hemolytic system; (2) the complement combines, but is incapable of destroying the cells for lack of "toxicity," the cells of a given species presumably being least sensitive to the toxic effects of the homologous complement. These observations have been substantiated by Marks,'7 who noted that whereas guinea-pig and hog complements were both active in tests with anti-sheep and anti-ox hemolytic systems, the homologous sheep and ox complements were without effect. Capart,l on the other hand, found human complement to be only slightly less active against human erythrocytes than against those of other species.
Natural hemolysins and hemagglutinins. Since an excess of hemolytic amboceptor produces lysis with a smaller amount of complement, whereas agglutination of the cells interferes with hemolysis, the presence of these antibodies in a serum used as complement disturbs the quantitative relationships of the hemolytic system, reducing thereby the delicacy of the reaction. For this reason, the occurrence of natural hemolysins and hemagglutinins is of considerable importance in determining the suitability of a particular serum as a source of complement for the complement fixation test.
The natural hemolysins and hemagglutinins have been subdivided into three categories according to whether they act upon the individual's own corpuscles (autohemolysins and autohemagglutinins), upon the corpuscles of other members of the same species (isohemolysins and isohemagglutinins), or upon the corpuscles of animals of a different species (heterohemolysins and heterohemagglutinins).
The hemolysins for the individual's own corpuscles occur rarely and almost invariably in relation to disease (Kolmer8). The autohemagglutinins, on the other hand, may be detected both in health and disease but their demonstration requires very special conditions (Stats and Wasserman26) . Since these antibodies have never proved troublesome in any of the complement fixation studies reported, they need only be mentioned. not. Thus, fixation failed to take place (1) when a rabbit antiserum to guineapig serum was set up with guinea-pig serum and rabbit complement or (2) when a rabbit antiserum to ox serum was incubated with the homologous antigen and ox complement. Differences were also noted in the firmness of the union between certain of the complements and serum-antiserum aggregates. This was indicated by the manner in which lysis progressed following the addition of the hemolytic systenr. In most instances, no change in the reaction occurred after one and a half hours at 37°C. With (1) rabbit antiserum to ox semm + ox serum + guinea-pig complement and (2) rabbit antiserum to human serum + human serum + rabbit complement, an the other hand, hemolysis commenced gradually and continued until the initially positive fixation reactions turned completely negative. It appeared that the complements employed in these tests either possessed a greater affinity for the hemolytic system or were incapable of being bound permanently by the test system. Similar results have been reported by Noguchi2l in titrations of goat complement with the following: extract of Diplococcus intracellularis + anti-meningococcus serum; sera + homologous antisera; egg white + anti-egg white serum; syphilitic antigen + syphilitic serum.
The differences in the fixability of various complements were also studied by Noguchi and Bronfenbrenner22 and by Kolmer, Matsunami, and Trist.10 Both used the syphilitic antigen and serum as the test system. The indicator systems were the anti-human and anti-sheep hemolytic systems respectively. The results obtained by the two groups of workers varied somewhat. Thus, whereas Noguchi and Bronfenbrenner found rabbit complement incapable of being taken up by the specific aggregate, Kolmer, Matsunami, and Trist obtained good fixation with this and rat complement. The latter also reported that of the complements of the larger species, namely, ox, hog, and sheep, only that of the hog could be considered more or less suitable. Noguchi and Bronfenbrenner, on the other hand, maintained that both hog and sheep complements were extremely sensitive to fixation. Both groups agreed that the guinea-pig provided the most satisfactory complement for the reaction. According to Kolmer, Matsunami, and Trist, however, guinea-pig complement was second best to that of man with respect to fixability.
From the review of the literature, it is apparent that the sera of various animal species may differ not only with respect to their complement activity, their content of natural hemolysins and hemagglutinins, their sensitivity to anticomplementary effects, and their fixability, but according to the particular set of experimental conditions employed. In commenting on the use of the complement fixation test, Kolmer, Matsunami, and Trist10 further state that the activity of a given complement may vary sufficiently geographically to constitute an important source of discrepancy in the results obtained in various laboratories. They suggest that the error may be compensated for only through practical experience and a thorough knowledge of the technic at hand.
Experimental
The sera studied were guinea-pig, human, rabbit, dog, chicken, and sheep. The experiments were divided into two parts. The first part dealt
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with the standardization of the hemolytic system and with the determination of the complementing, hemolytic, and agglutinating titers of the respective sera. On the basis of these titrations, all but the two most satisfactory complements were discarded. These sera were then compared with respect to the activity of individual and pooled samples under different conditions of incubation and storage, susceptibility to anticomplementary effects, and fixability. The latter tests were performed using antigens and sera which were to be employed in the experiments with heterologous tissue transplants.
A. Complementing, hemolytic, and agglutinating activity of guinea-pig, human, rabbit, dog, chicken, and sheep sera Materials and methods Sheep cells. The indicator antigen consisted of sheep erythrocytes. Blood was drawn from the jugular vein, defibrinated by shaking with glass beads, strained through glass wool, distributed in 6 ml. amounts and stored in the refrigerator. When needed for use, the cells were washed with saline in the centrifuge until the supernatant showed no hemolysis. A 2 per cent suspension of packed erythrocytes was employed throughout.
Rabbit anti-sheep hemolysin. The hemolysin used in the initial titrations was obtained from the Serology Laboratory of the New Haven Hospital. It was known to be of high titer. Subsequently, several animals were injected; some according to the method of Zinsser and Bayne-Jones,28 others using a technic developed in the Serology Laboratory. The latter consisted of inoculating rabbits, intravenously, on three alternate days with 0.75 ml., 1.5 ml., and 3.0 mL of fresh, thrice washed, packed sheep cells. Trial bleedings were made from the ear vein one week after the last injection. Animals whose sera failed to show a titer comparable to that of the stock hemolysin of the Serology Laboratory were then given additional series of injections until they either developed a serum of the desired potency or responded no further. Animals whose sera were of the proper strength were bled from the heart one or two days after the trial bleeding. The blood was treated in a manner similar to that which was to be used as complement. The sera were mixed with an equal volume of glycerine and stored in the refrigerator.
Complement sera. Human sera were obtained from samples sent to the Serology Laboratory and only those which gave a negative Kahn Saline-0.85 per cent, to make to total volume of 1.5 ml. Standardization of the hemolytic system. The hemolytic system was standardized in a preliminary titration with guinea-pig complement using the arbitrary volumes referred to above. The titration was performed by setting up increasing dilutions of guinea-pig complement with sheep cells sensitized with increasing dilutions of the rabbit anti-sheep hemolysin (see sample titration). The highest dilution of the hemolysin which lysed the cells completely in the presence of the highest dilution of the complement was taken as the dilution which corresponded to the minimum hemolytic dose. Since it is customary to use multiple doses of hemolysin, in succeeding experiments the cells were sensitized with an amount corresponding to three hemolytic units, or one-third the dilution obtained in these tests. Complement titrations. The titration of the complements was carried out in two stages. In the first series of tubes, sensitized cells were added to two-fold dilutions of the arbitrary volume of each complement (as shown in sample titration A). The highest dilutions which showed complete lysis with every sample of each of the complements were taken as the dilutions which represented the rough titers of the respective sera. Having determined these values, the second series of titrations was performed by adding the hemolytic system to increasing volumes of the corresponding dilution of each of the complements (as shown in sample titration B). The lowest volume of each sample which completely lysed the cells was considered to be its minimum lytic unit. IIr obtained with guinea-pig sera. These complements were not only from 4 to over 100 times stronger than any of the other sera tested, they were also non-hemolytic and non-agglutinating. At the other extreme, the sera of the two sheep appeared to be entirely devoid of any complementing, hemolytic, or agglutinating activity; as much as 0.3 ml. of a 1 to 2 dilution having been insufficient to affect either the sensitized or unsensitized cells. This has been the experience of most of the previous workers and according to Muir18 is a good example of the insensitiveness of the cells of a given species to the lytic effect of its own complement.
The natural hemolytic titers of the four dog and two human sera were approximately half as great as those of their complements. Thus, whereas the minimum lytic doses of the dog sera ranged between 0.04 ml. and 0.06 ml. in tests with sensitized cells, they were between 0.1 ml. and 0.12 ml. in tests with unsensitized cells. The human sera were complementary in 0.017 ml. amounts and naturally hemolytic in 0.04 ml. amounts. In addition to the hemolysins, these sera contained agglutinins which were active in smaller quantities than those necessary for complementing effect. As indicated in the tests with unsensitized cells, the agglutination reactions were most pronounced in the tubes which showed incomplete hemolysis. These findings are in agreement with those of Kolmer et 22 As indicated in table 1, the titers of the chicken complements ranged between 0.02 ml. and 0.04 ml. of undiluted serum. Of the four samples tested, none showed the presence of agglutinins and only one was naturally hemolytic. The effective dose of the latter, however, was six times greater than was that of the complement. In comparison with the other sera, the activity of chicken complement was comparable to that of dog and rabbit complements, slightly inferior to that of human complement, and distinctly superior to that of sheep complement. Chicken sera, moreover, had the advantage over human and dog sera in not containing excessive amounts of natural hemolysins and hemagglutinins, and over rabbit sera in being capable of maintaining their complement titers on standing. On the basis of these results, it appeared that chicken complement was second best to that of the guinea-pig.
B. Comparative studies of guinea-pig and chicken complements.
Additional materials and adjustments in technic. Antigens and sera. The susceptibility of guinea-pig and chicken complements to anticomplementary effects and to fixation was com-pared in tests with several of the representative antigens and sera which were to be employed in the studies of the heterologous tissue transplants.
The antigens consisted of 5 per cent saline extracts of the organs of the following animal species: guinea-pigs, rabbits, mice, and humans. The tissues used in preparing the extracts were heart, muscle, spleen, kidney, and testicle.
The antisera tested were antisera to normal rabbit, human, mouse, and guinea-pig sera. The antiserum to rabbit serum was produced in guinea-pigs. The antisera to the other sera were developed in rabbits. The control sera, therefore, consisted of normal guinea-pig and rabbit sera.
Bleeding of the chickens. In view of the large quantities of blood required, bleeding the chickens from the jugular or wing vein by means of a syringe proved to be extremely time-consuming. Arrangements were, therefore, made to obtain the blood of fowl at the time of slaughter. Several methods were tried but the one finally adopted was the following. The chicken to be bled was wrapped in a towel and suspended by its legs from a cord attached to a hook overhead. The small feathers covering the area immediately below the mandible were plucked and the skin swabbed with alcohol. With the body held firmly down and as far away from the head as possible, an incision was made through the skin and underlying blood vessels, care being taken not to sever the esophagus. The blood was allowed to stream directly from the cut vessels into sterile Petri plates. The volume of blood obtained by this method of bleedings averaged between 40 ml. and 50 ml.
Titrations. Preliminary experiments were carried out in which individual and pooled samples of chicken sera were compared with respect to their complementing and natural hemolytic activities, keeping properties, and the effects of different times and temperatures of incubation. As a result of these studies (to be discussed), the following procedures were adopted.
The blood of individual chickens was kept separately until the sera were titrated, the day following bleeding, at which time those found deficient in complement were discarded and the remaining sera were pooled. Although only a very few of the sera could not be used, this precaution was always taken in order to avoid -the possibility of ruining the whole lot. The serum pool was distributed in 1 ml. and 10 ml. amounts and, unless used immediately, stored in an electric freezing unit.
The complement titrations were performed the day before the scheduled tests using the 1 ml. sample of the serum pool. The complement was thawed, centrifuged, in order to remove the precipitate which invariably made its appearance at this time, and diluted 1 to 5. Triple sets of increasing volumes of this dilution were set up. To one of the sets, the hemolytic system was added immediately. Another set was incubated for 1 hr. in a 37°C. water bath prior to the addition of the hemolytic system. The third set was placed in the refrigerator overnight, the sensitized cells being added the following day. The natural hemolytic activity of the complement was determined in control titrations in which double the volumes used in the previous sets were set up with unsensitized cells. The addition of the sensitized and unsensitized cells in all of these and subsequent experiments was followed by an incubation period of 30 min. in a 37°C. water bath.
The 10 ml. sample of the same serum pool was thawed on the day the tests were to be made and its complement titer checked according to the half-hour incubation method. The amount of complement used in the tests corresponded to the unit obtained in the titrations incubated in a manner similar to that which was to be employed.
Since the activity of guinea-pig complement was not found to vary significantly under different conditions of incubation, this complement was titrated using the immediate half-hour incubation technic.
The susceptibility of guinea-pig and chicken complements to anticomplementary effects was determined according to either or both of two methods. In one, 0.2 ml. of the respective antigen or serum were incorporated into a regular complement titration in which the volumes of complement ranged in small increments between one-half and two lytic doses. In the other, one, one and a half, and two units of the complements were set up with 0.2 ml. of the antigen or serum. The incubation was carried out for one hour at 37°C. and overnight in the refrigerator prior to the addition of the sensitized cells. The hemolytic activity of these reagents was checked in control titrations with unsensitized cells.
In the course of the latter experiments procedures were adopted for eliminating the anticomplementary effects of the antigens and sera (to be discussed). The fixability of the two complements was then compared in quantitative titrations with homologous and heterologous antigen-antiserum systems. The titrations were performed by setting up, in duplicate, 0.2 ml. of increasing dilutions of the test serum with 0.2 ml. of the test antigen in the presence of two units of each of the complements. As in the last experiments, one of the sets was incubated for one hour at 37°C. and the other was held overnight in the ice-box prior to the addition of the sensitized cells. The controls for these titrations included tests for the unit of complement, its hemolytic activity, and the hemolytic and anticomplementary effects of the antigens and sera.
Results and comments The studies of the complementing and natural hemolytic activity of individual and pooled samples of chicken sera were carried out with approximately 300 different sera. The reactions which were obtained in two of the representative sets of titrations are shown in table 2 . From the results it may be seen that the complement titers of the individual and pooled sera varied not only from sample to sample but according to the time and temperature of incubation. The greatest quantities necessary for lysis were generally required with individual sera incubated for one hour in a 37°C. water bath prior to the addition of the sensitized cells. However, the extent of the change in the lytic dose in the three sets of titrations did not seem to follow a regular pattern. Thus, whereas the titers of serum #2 and #6 of Lot I and of serum #3 of Lot II were 0.2 ml. in tests in which the initial incubation period was omitted, they were 0.25 ml., 0.3 ml., and 0.2 ml. respectively in the tests incubated for one hour at 37°C., and 0.2 ml., 0.25 ml., and 0.2 ml. respectively in the tests which were placed in the refrigerator overnight prior to the addition of the hemolytic system. Pooled sera varied least under different conditions of incubation and frequently showed identical results. This, however, could not be relied on, as may be seen in the case of the pooled serum of Lot II. The superiority of the pooled over the individual samples was also indicated by the fact that the titer of the pooled serum most often corresponded to the activity of its strongest constituent. Reference to the titrations with unsensitized cells shows that in no instance did the activity of the natural hemolysins exceed that of two units of complement.
Studies of the keeping properties of chicken complement showed that although the serum deteriorated gradually when kept frozen at approximately -20°C., its activity was adequate for at least two months. In the diluted form, the titer was maintained for from two to three days in the refrigerator. The addition of merthiolate reduced the activity and accelerated the deterioration of the complement in both the frozen and the diluted states. 
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With regard to other variations, it may be mentioned that the health of the chicken did not seem to influence the complement activity of its serum. The sera of malnourished birds, and birds showing evidence of intestinal disturbances and infectious processes, gave complement titers which were comparable to and at times better than those of the sera of healthy chickens. Neither could seasonal variations be discerned during the time that the tests were run (approximately a year).
An extreme lability of the complement was, however, noted on two occasions. Both occurred at times when the source of the serum was changed temporarily. In the first instance, the change was made from the blood of the pure Rhode Island Red strain of chickens, which provided the complement for all of these experiments, to that of the chickens obtained from a local poultry market. Although the initial titers of the complements were comparable, the sera obtained at the chicken market deteriorated so rapidly when diluted as to double or triple their lytic doses after overnight refrigeration. The undiluted sera also deteriorated but not nearly to the same extent. At first it was thought that the saline was at fault. However, the same thing was observed with freshly prepared saline. Furthermore, when the sera of the Rhode Island Red chickens were diluted with these salt solutions, the rapid deterioration of complement failed to occur. It appeared, thus, that the serum itself was responsible for the effect. Since this had not been anticipated at the time that the blood was obtained, the breed of the chickens from which it had been taken was not noted. However, on a second occasion, the same deterioration on dilution was observed with the sera of six Plymouth Rock chickens. It may be mentioned that similar observations have been reported by Noguchi and Bronfenbrenner22 in the case of hog sera.
The susceptibility of a complement to the anticomplementary effects of antigens is known to depend on the nature of the antigen and the method employed in its preparation. Titrations of tissue extracts, prepared by grinding in a mortar with sand, incubating for six hours at 37°C., extracting overnight in the refrigerator with saline and centrifuging at low speeds, indicated that such preparations could not be used without further treatment. The only antigens prepared in this manner which were not anticomplementary with two units of chicken complement were extracts of muscle and spleen. Guinea-pig complement was also affected but not nearly to the same extent. The tissues which were most anticomplementary with guinea-pig complement, moreover, were muscle, spleen, and testicle.
The first method considered for rendering the antigens non-anticomplementary was by dilution. However, although the dilution necessary was only 1 to 2 or 1 to 4 in tests with one unit of guinea-pig complement, it ranged between 1 to 30 and 1 to 60 in titrations with chicken complement. Diluting the antigens to such an extent seemed undesirable. Previous experience with Casals' and Palacios' method2 of preparing non-anticomplementary brain antigens, by freezing and thawing, suggested that this technic might be applicable in the present connection. Titration of the extracts after successive freezings and thawings indicated that antigens which were satisfactory with both complements could be prepared by carrying out this procedure five to six times, then centrifuging for one hour at 3,000 r.p.m. None of the antigens was usually anticomplementary to guinea-pig complement after the second or third freezing and thawing. Of the tissues of the four species tested, extracts of human, rabbit, guinea-pig, and mouse organs, in the ascending order given, required the greatest number of freezings and thawings to eliminate their anticomplementary effects to chicken complement. Extracts of lung, kidney, and testicle, irrespective of the species, were anticomplementary to chicken complement until the fifth or sixth freezing and thawing.
The inactivation of the sera used in comparing the sensitivity of guinea-pig and chicken complements to non-specific fixation was carried out initially according to the procedures prescribed by Casals and Palacios2 and by Kidd and Friedewald.6' 7 Guinea-pig sera were heated at 56°C., human sera at 60°C., and rabbit sera at 65°C., all for 20 minutes. The reactions which were obtained in the titrations of the two complements with several of the sera treated in this way are shown in table 3. From the results, it may be seen that as with the antigens, there was a lack of correlation in the susceptibility of guinea-pig and chicken complements to the anticomplementary effects of the sera. Thus, whereas rabbit antisera were most frequently anticomplementary with guinea-pig complement, human and guinea-pig sera were most often unsatisfactory with chicken complement. The titrations of the rabbit antisera to guinea-pig serum were included in order to demonstrate the fixation of guinea-pig complement by its homologous antiserum. The fixation in this instance was not due to an anticomplementary property of the serum but to a specific combination of an antibody with its antigen, which happened to be guinea-pig complement. As may be seen, the use of these antisera with chicken complement had little effect on the activity of the latter. An interesting observation made in these studies was that a serum could not only decrease the activity of a complement but enhance it. Thus, in the control titrations, the lytic doses of the two complements were 0.15 ml. of their respective dilutions. In the titrations with all of the guinea-pig sera and with normal rabbit sera #1 and #2, on the other hand, the titer of guinea-pig complement was less than 0.15 ml.; whereas in the titrations with guinea-pig serum #2, with rabbit antimouse-serum serum #2, and with normal rabbit serum #4 the titer of chicken complement was less than 0.15 ml. The effect that the various sera had on the activity of the two complements did not seem to follow a regular pattern. Guinea-pig serum #1, for instance, enhanced the activity of guinea-pig complement and destroyed the activity of chicken complement, whereas rabbit anti-mouse-serum serum #2 lowered the activity of guinea-pig complement and increased the activity of chicken complement. Guinea-pig serum #2, on the other hand, decreased the lytic doses of both of the complements and human sera #1 and #3 raised the effective doses of both of the complements. Further study of the complement-enhancing property of guinea-pig serum #2 indicated that the effect persisted up to a 1 to 30 dilution of the serum. It was found, moreover, that when this serum was used as an antigen in complement fixation tests with a serum which was anticomplementary, it was capable of masking the anticomplementary effect of the latter. In another instance, an antiserum was prepared in a guineapig whose serum showed the complement-augmenting property to a marked degree. Although precipitation tests showed this antiserum to have a moderately good titer, it failed to react in complement fixation tests with its homologous antigen. Thus, sera which are capable of lowering the lytic dose of complement may not only eliminate the anticomplementary effects of other sera (or antigens) but result in false negative reactions in tests with specific systems.
Since rabbit sera, which had been inactivated at 65°C. for 20 minutes, were least anticomplementary to chicken complement, it was thought that inactivating the other sera at higher temperatures might likewise render them satisfactory. The titrations of chicken complement with guinea-pig, human, and rabbit sera which had been inactivated at 560C., 600C., and 650C. are shown in table 4. From the results, it may be seen that the inactivating procedures advocated by Casals and Palacios2 and by Kidd and Friedewald6'7 were ineffective in ridding guinea-pig and human sera of their anticomplementary effects on chicken complement. The data show that in order to be satisfactory with this complement, all of the sera, human and guinea-pig, as well as rabbit, must be heated at 65°C. for 20 minutes.
The fixability of two lytic doses of guinea-pig and chicken complements in quantitative titrations of rabbit antisera to human and mouse sera with homologous and heterologous tissue extracts is compared in table 5. The results show that the titers which were obtained in the tests with the two complements were comparable. It is interesting that the strongest reactions were seen in titrations with antigens which had required the greatest number of freezings and thawings to eliminate their anticomplementary effects. Thus, the titers were higher in tests with mouse antigens than in tests with human antigens. Similarly, with the exception of spleen extracts, which had not been difficult to render nonanticomplementary, both the human and mouse lung, kidney, and testicular extracts reacted to a greater degree than did extracts of muscle, heart, and liver. As in most serological work, overnight incubation in the refrigerator prior to the addition of the hemolytic system was found to be more sensitive than a fixation interval of 1 hr. in a 37°C. water bath in bringing out both the specific and the non-specific reactions. Thus, on the basis of the criteria outlined by Kolmer, Matsunami, and Trist,'0 the sera of chickens fulfilled all of the specifications of an adequate complement except the one which required that it be active in small doses. The latter, however, appeared to be more a matter of convenience than of necessity.
Summary
The relative merits of guinea-pig, human, rabbit, dog, chicken, and sheep complements were compared on the basis of criteria outlined by previous workers. This was done in an attempt to find a suitable complement for a complement fixation reaction which could be used in studies of certain heterologous tissue transplants.
As a result of preliminary titrations, all of the sera were discarded except those of the guinea-pig and chicken; sheep sera, because they were deficient in complement; rabbit sera, because they were incapable of maintaining their titer and because they had a greater affinity for the hemolytic than for the test system; and human and dog sera, because they contained excessive amounts of natural hemolysins and hemagglutinins.
Although only one-tenth as strong as guinea-pig complement, the sera of chickens were seldom hemolytic or agglutinating. The activity of the latter, moreover, was never within the range of two units of complement.
Studies of the susceptibility of guinea-pig and chicken complements to the anticomplementary effects of several of the antigens and sera which were to be used in the experiments with the heterologous tissue transplants indicated that satisfactory extracts could be prepared by grinding the tissues, making up 5 per cent saline suspensions, incubating for 6 hrs. at 37°C., freezing and thawing five or six times, then centrifuging for one hour at 3,000 r.p.m. In the case of the sera, it was found that although inactivating guinea-pig sera at 56°C., human sera at 60°C., and rabbit sera at 65°C. was sufficient to render them non-anticomplementary to guinea-pig complement, all of the sera had to be heated at 65°C. for 20 minutes to be satisfactory with chicken complement.
The fixability of the two complements was compared in tests with non-anticomplementary homologous and heterologous antigen-antibody 40O2 systems. Since chicken complement was bound in the same way and to approximately the same extent, it was concluded that it fulfilled the specifications of an adequate complement.
